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Abstract: A heat exchanger is a device that is used to transfer thermal energy (enthalpy) between two or 
more ﬂuids, between a solid surface and a ﬂuid, or between solid particulates and a ﬂuid, at distinctive 
temperatures and in thermal contact. Heat exchangers are important engineering devices in many 
process industries since the efficiency and economy of the process largely depend on the performance of 
the heat exchangers. The present work is directed towards the modeling of shell and tube parallel flow 
heat exchanger in solid works 2014 and setting up of flow simulation in solid works by inserting boundary 
conditions, running the calculations, inserting surface parameters, using cut plots and flow trajectories to 
visualize the resulting flow field .Finally compared the flow simulation results with effectiveness-NTU 
method. There is a difference of 7.3% of flow simulation results with effectiveness NTU method. 
INTRODUCTION TO HEAT EXCHANGERS 
A heat exchanger is a device that is used to transfer 
thermal energy (enthalpy) between two alternately 
more ﬂuids, between a strong or solid surface and a 
ﬂuid at distinctive temperatures and in thermal 
contact. In hotness or heat exchangers, there are 
normally no external heat and work collaborations. 
Commonplace applications include 
warming(heating) or cooling of a ﬂuid stream of 
concern and dissipation or buildup of single-or 
multi segment ﬂuid streams. In different 
applications, the destination may be to recover or 
reject heat, or sterilize, distill, fractionate, 
concentrate, pasteurize, crystallize, or control a 
process ﬂuid. In a couple of heat exchangers, the 
ﬂuids trading or exchanging hotness or temperature 
are in immediate contact. In mostly heat 
exchangers, high temperature exchange or heat 
transfer between ﬂuids happens through a dividing 
divider(wall) or into and out of a divider(wall) in a 
transient way. In numerous heat exchangers, the 
ﬂuids are differentiated by a heat transfer surface, 
and in a perfect world they don't blend or break. 
Such exchangers are named as direct exchanger, or 
essentially recuperate. In contrast, exchangers in 
which there is intermittent heat exchange between 
the hot and cold ﬂuids—via thermal energy storage 
and release through the exchanger surface or 
matrix— are referred to as indirect transfer type, or 
fundamentally regenerators. Such exchangers 
usually have ﬂuid leakage from one ﬂuid stream to 
the other, due to pressure divergences and matrix 
rotation/valve switching. Common examples of 
heat exchangers are automobile radiators, 
condensers, shell-and-tube exchangers, 
evaporators, cooling towers, and air pre heaters. On 
the off chance that no stage change happens in any 
of the ﬂuids in the exchanger, it is here and there 
alluded to as a sensible heat exchanger. There 
could be internal thermal energy sources in the 
exchangers, such as in electric heaters and nuclear 
fuel elements. 
Combustion and chemical reaction may take place 
within the exchanger, such as in boilers, ﬁred 
heaters, and ﬂuidized-bed exchangers. Mechanical 
devices may be used in some exchangers such as in 
scraped surface exchangers, agitated vessels, and 
stirred tank reactors. Heat transfer in the separating 
wall of a recuperator generally takes place by 
conduction. 
Heat exchangers are important engineering devices 
in many process industries since the efficiency and 
economy of the process largely depend on the 
performance of the heat exchangers. High 
performance heat exchangers are, therefore, very 
much required. Improvement  in the performance 
may result in the        reduction in the size of the 
heat   exchangers of a fixed size can give an 
increased heat transfer rate, it might also give a 
decrease in temperature difference between the 
process fluids enabling efficient utilization of 
thermodynamic availability. This is particularly 
true for Laminar flow since the heat transfer 
coefficients for laminar straight flow through a 
plain tube is very low. Forced convection heat 
transfer in doubly connected ducts bounded 
externally by a circle and internally by a 
rectangular polygon of various shapes was 
analyzed using a finite element method. Further 
Wu and Liu reported experimentally a two – part 
study for turbulent flow in a horizontal tube with 
longitudinal inserts. However, the literature on 
experimental studies dealing with developing 
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laminar convection tube flow with a longitudinal 
insert is relatively scarce. The purpose of present 
work is to extend the previous studies for turbulent 
flow. 
   LITERATURE REVIEW 
Akshay kumar Magadum et. al. [1] experimentally 
investigated tube in tube HE with parallel and 
counter flow arrangements. Heat transfer rate found 
more nearly by 30% in counter flow compared to 
parallel flow. The results plotted on graph for 
LMTD v/s discharge and LMTD v/s efficiency for 
both parallel and counter flow. Conclusion of their 
work is as LMTD increases discharge and 
efficiency increases.  
Swapnil Ahire et. al. [2] constructed and analyzed 
counter flow helical coil HE. Helical coil shape is 
given to tubes. To determine overall heat transfer 
coefficient, Wilson plot technique was used. They 
found that centrifugal force due to curvature of 
tubes results in secondary flow development, this 
secondary flow enhances heat transfer rate. For low 
Reynolds number graph of Nu v/s Re and hi v/s Re 
is steeper than that of high Reynolds number. 
Conclusion of their work is helical coils are 
efficient in low Reynolds number. 
 Alok Vyas et. al. [3] conducted a variety of 
experimental analysis to predict performances of 
HE’s characteristics like temperature difference 
and pressure drop. In this design some factors to be 
considered like diameter of tube, number of tubes 
and baffles. Factors which are affecting 
performances were selected. CFD software is used 
for analysis; through this they tried to improve 
performance of tubular HE. 
 Jian-Fei Zhang et. al. [4] For developing a shell 
and tube HE with middle overlapped baffles, a 
comprehensive simulation model by using 
commercial code FLUENT and grid generation 
program GAMBIT. The validation of 40 degree 
helix angle is performed and results which got 
those shown a reasonable agreement with available 
experiment data. The simulation is conducted of a 
whole HE to predict shell-side fluid flow and heat 
transfer rate. Durgesh Bhatt et. al. [5] in this review 
paper, involved various conditions where different 
constructional parameters at various conditions are 
changed to get performance review. For ease of 
calculation and obtaining result after varying 
different parameters a excel program developed. 
The baffle spacing and tube metallurgy are 
parameters considered to be changed. From his 
review paper it is cleared that overall heat transfer 
coefficient and pressure drop decreases due to 
baffle spacing increases. 
 Balaram Kundu [6] designed Un-baffled shell and 
tube HE with attachments of longitudinal fins 
having trapezoidal profile; a parametric variation 
studied.  
THE FLOW DIRECTION: 
• Parallel flow 
• Cross flow 
• Counter flow 
PARALLEL FLOW HEAT EXCHANGER: 
In parallel flow heat exchanger, the two fluids flow 
in same direction and parallel to each other. 
 
           Fig: Parallel flow heat exchange 
CROSS FLOW HEAT EXCHANGER: 
In a cross-flow heat exchanger the direction of 
fluids are perpendicular to each other 
COUNTER FLOW HEAT EXCHANGER: 
In a counter ﬂow or countercurrent exchanger, as 
shown in Fig. the two ﬂuids ﬂow parallel to each 
other but in opposite directions within the core. The 
temperature variation of the two ﬂuids in such an 
exchanger may be idealized as one-dimensional.  
 
The counter ﬂow arrangement is 
thermodynamically superior to any other ﬂow 
arrangement. It is the most efficient ﬂow 
arrangement, producing the highest temperature 
change in each ﬂuid compared to any other two-
ﬂuid ﬂow arrangements for a given overall thermal 
conductance (UA), ﬂuid ﬂow rates (actually, ﬂuid 
heat capacity rates), and ﬂuid inlet temperatures. 
Moreover, the maximum temperature difference 
across the exchanger wall thickness (between the 
wall surfaces exposed on the hot and cold ﬂuid 
sides) either at the hot-or cold-ﬂuid end is the 
lowest, and produce minimum thermal stresses in 
the wall for an equivalent performance compared to 
any other ﬂow arrangements. 
G David  Jude* et al. 
 (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.7, Issue No.4, June-July 2019, 9162-9166.                                                   
2320 –5547 @ 2013-2019 http://www.ijitr.com All rights Reserved. Page | 9164 
 
Fig: Counter flow heat exchanger 
APPLICATIONS OF HEAT EXCHANGERS 
Heat exchangers are used in a wide variety of 
applications such as home heating, refrigeration, air 
conditioning, petrochemical plants, refineries as 
well as in natural gas processing. 
In many industrial processes a heat exchanger helps 
in using the wasted heat from one process to be 
utilized in another process which saves a lot of 
money while being efficient at the same time. 
Cooling of hydraulic fluid and oil in engines, 
transmissions and hydraulic power packs. 
Heat exchangers are used in many industries, 
including: 
-Waste water treatment 
-Refrigeration 
-Wine and beer making 
-Petroleum refining 
In commercial aircraft heat exchangers are used to 
take heat from the engine's oil system to heat cold 
fuel. 
INTRODUCTION TO SOLID WORKS: 
Solid works mechanical design automation 
software is a feature-based, parametric solid 
modeling design tool which advantage of the 
easy to learn windows TM graphical user 
interface. We can create fully associate 3-D 
solid models with or without while utilizing 
automatic or user defined relations to capture 
design intent. 
Parameters refer to constraints whose values 
determine the shape or geometry of the model 
or assembly. Parameters can be either numeric 
parameters, such as line lengths or circle 
diameters, or geometric parameters, such as 
tangent, parallel, concentric, horizontal or 
vertical, etc. Numeric parameters can be 
associated with each other through the use of 
relations, which allow them to capture design 
intent. 
Design intent is how the creator of the part 
wants it to respond to changes and updates. 
For example, you would want the hole at the 
top of a beverage can to stay at the top surface, 
regardless of the height or size of the can. 
Solid Works allows you to specify that the 
hole is a feature on the top surface, and will 
then honor your design intent no matter what 
the height you 
 
 
Figure: Different views of shell and tube heat 
exchanger 
FLOW SIMULATION 
SOLID WORKS FLOW SIMULATION 
INTRODUCTION: 
Solid Works Flow Simulation 2010 is a fluid flow 
analysis add-in package that is available for Solid 
Works in order to obtain solutions to the full 
Navier-Stokes equations that govern the motion of 
fluids. Other packages that can be added to Solid 
Works include Solid Works Motion and Solid 
Works Simulation. A fluid flow analysis using 
Flow Simulation involves a number of basic steps 
that are shown in the following flowchart in figure. 
 
Figure: Flowchart for fluid flow analysis using 
Solid works Flow Simulation Setting Up A Solid 
works 
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FLOW SIMULATION PROJECT: 
The process of setting up a Flow Simulation 
project includes the following general setting 
steps in order: choosing the analysis type, 
selecting a fluid and a solid and settings of 
wall condition and initial and ambient 
conditions. Any fluid flow problem that is 
solved using Flow Simulation must be 
categorized as either internal bounded or 
external unbounded flow. Examples of internal 
flows include flows bounded by walls such as 
pipe- and channel flows, heat 
FLOW SIMULATION OF SHELL AND TUBE 
HEAT EXCHANGER 
In this flow simulation of shell and heat tube 
exchanger heat transfer will occur between the hot 
inner tube flow and the colder outer flow in the 
shell. The shell has a wall thickness of 10mm and 
an inner diameter of 32mm where as the tube is 
2mm thick and has an outer diameter of 19mm. 
The mass flow rate of water in the shell is 0.8kg/s 
with an inlet temperature of 283.2k and the mass 
flow rate of water in tube is0.2 kg/s at an inlet 
temperature of 343.2k. The temperature 
distributions along the shell and tube will be shown 
from flow simulation results. The temperature of 
the hot water at the tube outlet will be used in 
comparison with effectiveness- NTU method for 
calculation of effectiveness of the parallel flow 
shell and tube heat exchanger. 
Creation of project name as “shell and tube heat 
exchanger “in flow simulation bar as shown 
          RESULTS 
INSERTING SURFACE PARAMETERS: 
Right click on Surface Parameters in the Flow 
Simulation analysis tree and 
Selecting the Environment Pressure for Tube 
Boundary Condition in the Flow 
Simulation analysis tree. Check the All Parameters 
box and click on the Excel button in the Surface 
Parameters window. Select the Local parameters. 
The minimum fluid temperature at the tube outflow 
region is 334.548 K and the average value at the 
same outflow region is 335.801 K. 
Select the Environment Pressure for Shell 
Boundary Condition in the flow Simulation 
analysis tree. Click on the Excel button once again 
in the Surface Parameters window. 
Select the Local parameters. The average fluid 
temperature at the shell outflow region is 
285.06 K. Exit the Surface Parameters window. 
 
PARALLEL FLOW-FLOW SIMULATION: 
 
 
Temp of the fluid 
CONCLUSION  
The design and CFD analysis on shell and tube heat 
exchanger has been done and the results were 
compared with the effectiveness NTU method. We 
had observed a considerable amount of deviation 
from the actual value to the value that is obtained 
in the simulation. The temperature of the hot water 
at the tube outlet was used in comparison with 
effectiveness-NTU method for calculation of 
effectiveness of the parallel flow shell and tube 
heat exchanger. 
SCOPE FOR THE FUTURE 
This project has further developments like 
considering different types of flows like cross, 
parallel and counter flow. And also, here we have 
considered that the radiation and convection losses 
as zero where as in practical situations they will 
exist so this project can be further extended in that 
path. 
Next the design and analysis of double pipe heat 
exchanger is also done in solid works, because 
double pipe heat exchanger has more significance 
in industries such as chemical etc. 
Here both counter flow and parallel flow are 
considered, the temperature of fluid, temperature of 
solid and heat flux are determined. 
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